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ABSTRACT
Comparative Morphometric Analysis Of The 
Devil Peak Shasta Ground Sloth, 
Nothrotheriops Shastensis
by
Jeffrey L. Gromny
Dr. Stephen Rowland, Examination Committee Chair 
Professor of Geoscience 
University of Nevada, Las Vegas
The remains of the Devil Peak Shasta Ground Sloth {Nothrotheriops 
shastensis) is one of the most complete fossils of this species ever discovered. 
The study’s objective is to use the dimensions of the Devil Peak sloth and Aden 
Crater sloth (the only other complete skeleton of this species known) to 
characterize the morphology of Nothrotheriops shastensis. Radiocarbon ages 
obtained from eggshells located with the Devil Peak sloth indicate it is 
approximately 32,000 years old.
I measured various dimensions of both humeri, one radius, both ulnae, the 
pelvis, both patellae, and one tibia. Most bones of the Devil Peak skeleton are 
smaller than those of La Brea specimens with which it was compared, but equal 
in size to the Aden Crater sloth. However, the Devil Peak sloth pelvis is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
much larger than the pelvis of the Aden Crater specimen. I conclude the Devil 
Peak sloth was probably a female adult sloth.
IV
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CHAPTER 1
INTRODUCTION 
Purpose and Objectives 
The main objectives of this study are to measure, describe, and determine 
the geologic age of the Devil Peak sloth, and to use these data (together with 
data from another articulated Shasta ground sloth skeleton and disarticulated 
bones from various other specimens) to characterize the anatomical dimensions 
of Nothrotheriops shastensis. Additionally, this study provides detailed 
information of the size and condition of the Devil Peak sloth bones that can be 
used to interpret and constrain the paleoenvironment and biology of this species. 
Obtaining these morphometric data is important because the Devil Peak sloth is 
one of only two nearly complete, articulated fossil skeletons of this species ever 
discovered (Figure 1 ). Having this fossil available for study thus provides an 
excellent opportunity to obtain as much information as possible about this extinct 
Pleistocene species.
Paleontological and Biological Significance 
Although Nothrotheriops shastensis is a well known Rancholabrean 
species, its bones most commonly occur as isolated elements, and its detailed 
anatomical proportions have never been described. The remains of the Devil
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Peak Shasta Ground Sloth provide one of the most complete fossils of this 
species ever discovered. Data from this study thus provide, for the first time, a 
precise morphometric characterization of this important species.
Because of the significance of this fossil, several agencies, including the 
Bureau of Land Management, the Nevada State Museum and Historical Society, 
the Page Museum at the La Brea Tar Pits, the Yale Peabody Museum, and the 
San Bernardino County Museum, are interested in the results of this study.
Figure 1: Reconstructed skeleton of the Devil Peak Shasta ground 
Sloth (Photograph taken of the specimen housed at the Nevada State 
Museum) (Rowland and Needham, 2000).
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Background of the Giant Ground Sloth Species
Among the most exotic of all extinct Pleistocene mammals are the giant 
ground sloths. Their closest living relatives are the tree-dwelling, two-toed and 
three-toed sloths of Central and South America. As with all members of the 
Order Xenarthra (armadillos, glyptodonts, and sloths), ground sloths are unique 
among mammals in not having enamel on their teeth (Stock and Harris, 1992). 
Most ground sloths had an unusual posture and form of locomotion, walking and 
standing on the outside of their feet (Lang, 2002). This odd gait and posture is 
clearly evident when observing mounted museum reconstructions of giant ground 
sloths (Figure 1).
Four species of ground sloths are known from the Rancholabrean North 
American Land Mammal Age (10,000 to 100,000 years ago): Nothrotheriops 
shastensis (Shasta ground sloth), Megalonyxjeffersonii {Jefferson’s ground 
sloth), Eremotherium rusconii (Rusconi’s ground sloth) and Paramyiodon harlani 
(Harlan’s ground sloth) (Kurten and Anderson, 1980).
Nothrotheriops shastensis was first described by Sinclair (1905) and was 
recognized in the Rancholabrean fauna by Stock (1913). Structurally, 
Nothrotheriops crania resemble the recent tree sloth genus Bradypus; both show 
similarities in general skull shape and lack canineform teeth (Naples, 1987). 
Nothrotheriops is considered to have been a browser because of the wide variety 
of plants that have been discovered in dung samples, including roots, stems, 
flowers, seeds, globemallow, cactus, century plant, cat claw, salt brush yucca, 
and mesquite (Thompson et al., 1980). All together, Nothrotheriops fed upon at
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least 72 genera of plants. Additionally, Nothrotheriops fed upon grass to a much 
lesser extent than shrubs.
The known distribution of Nothrotheriops in North America differs greatly 
between the Irvingtonian (1.9 mya to 150,000 ya) and Rancholabrean (150,000 
ya to 10,000 ya) North American land mammal ages. During the Irvingtonian 
records of Nothrotheriops are sparse but widely distributed (Graham and 
Lundelius, 1994). In Western North America a tibia was found near San 
Francisco and various elements were discovered from the El Golfo fauna of 
northwestern Sonora, Mexico (Lindsay, 1984) and several limb elements from 
the Borrego Badlands east of San Diego (Akersten and McDonald, 1991). In the 
Great Plains region, Hibbard and Dalquest (1966) described several specimens 
from the Irvingtonian Gilliland local fauna of northernmost central Texas. The 
only records from the eastern United States are from Florida where several limb 
elements are known from central Florida Pool Branch local fauna of probable 
Irvingtonian age (McDonald, 1985).
In Rancholabrean assemblages, bones of Nothrotheriops are common in 
the North American Cordillera from central Mexico to southern Oregon (Akersten 
and McDonald, 1991) (Figure 2). Many of the Rancholabrean Nothrotheriops 
discoveries are associated with caves or other karst-type deposits (Thompson et 
al., 1980; Martin, 1984). However, as discussed by Akersten and McDonald, 
(1991) the presence of caves is not the sole factor influencing the distribution of 
Rancholabrean Nothrotheriops because this taxon is absent from the well-known 
Rancholabrean cave faunas of central Texas, northern Appalachia, and Florida.
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Only two nearly complete Nothrotheriops specimens have been 
discovered. The first is the Devil Peak sloth and the second is a juvenile Shasta 
sloth that was discovered in Aden Crater (an extinct volcanic vent) in New 
Mexico (Lull, 1930). Lull (1930) refers to the Aden Crater sloth as being a 
juvenile because it lacks coossification of the epiphyses of the various vertebrae 
and limb bones and lacks, to some extent, the ruggedness of the composite 
skeleton of the species at the Page Museum. The Aden Crater sloth was 
radiocarbon dated to be ~11,000 years old (Simons and Alexander, 1964).
The reason complete skeletons of large animals are rare is that it takes 
special circumstances for them to be preserved. Most importantly, the animal 
needs to be buried quickly to protect it from scavengers and weathering. 
Scavengers typically disarticulate the skeleton and leave the bones widely 
spread across the landscape, exposed to the elements. Because of this 
process, very few skeletons are found articulated.
Discovery and Excavation of the Devil Peak Sloth 
In 1990 hikers discovered the partially exposed, articulated Devil Peak 
Shasta Ground Sloth. Robert Reynolds led an expedition of San Bernardino 
County Museum personnel to excavate the nearly complete sloth fossil from the 
pit, which also contained bones of rabbits, marmots, and other taxa (Reynolds et 
al., 1991; Reynolds 1993, and 1995). The remains of the Devil Peak sloth are 
housed at the Nevada State Museum in Las Vegas. Two complete casts have 
also been made; these are mounted and on display at the San Bernardino 
County Museum and the Nevada State Museum in Las Vegas.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2 -  Location map of discovered Shasta ground sloths in the 
United States (Graham and Lundelius, 1994).
The Devil Peak fossil site is located north of Primm and south of 
Goodsprings, Nevada, at an elevation of about 3600’ (Figure 3). The fauna was 
buried in a vertical chimney-like feature eroded into Mississippian limestone 
(Monte Cristo Formation), and open to the surface. An estimated 10 m of 
sediment had filled the pit. The described fauna is from the lower 3.7 m of the fill. 
Sporadic filling events are indicated by coarse fill (blocks up to 3.7 m), alternating
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
with smaller blocks (1.0-1.3 m), with interstitial sands and silts from which most of 
the specimens were collected (Reynolds et al., 1991).
The Devil Peak sloth was discovered lying on its right side with limbs 
pointing westward and the long axis of the skeleton pointing north. The skull had 
an articulated lower jaw. No organic materials (hair, hide, plant fiber, or charcoal) 
were found in the deposit (Reynolds et al., 1991). Unusual logistics and 
techniques were involved in salvaging the fossils. Scaffolding was erected to 
reach the fossiliferous horizons and, initially, the cave was excavated from the 
bottom until suspended overburden became a problem and required removal 
(Reynolds, 1993).
Nevada
Vegas
Clark
County
Devil Peak Sloth 
Pitfall ate
Figure 3 -  Location map of the Devil Peak sloth pitfall site.
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CHAPTER 2
METHODOLOGY 
Materials Used
I made six visits to the Nevada State Museum, Las Vegas, to examine the 
Devil Peak sloth skeletal material. During these visits I examined all of the 
available bones to determine which of them to use for a comparison with 
specimens at the Page museum and Yale Peabody museum. I measured a 
total of eleven Devil Peak sloth bones used in this study. These bones include 
both humeri, the left radius, both ulnae, the pelvis, both femora, the right tibia, 
and both patellae. The right radius and left tibia are missing.
While examining the Devil Peak sloth bones I looked for any 
osteopathological abnormalities, such as fractures or sepsis. The fractures 
were relatively easy to locate and describe. The sepsis locations were also 
easy to locate but difficult to interpret because of the wide range of diseases 
that may have caused the bone abnormalities. Shaw (2001 ) discussed that a 
diseased bone is often readily distinguishable from a healthy one, but it may be 
very difficult to diagnose the cause of the affliction. The reason why it is so 
difficult to diagnose a diseased bone is because different diseases that have 
different symptoms in the living animal, or that affect different soft tissues, may 
result in similar structural alterations of bony tissue (Shaw, 2001). Therefore, I
8
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attempted to identify osteopathological abnormalities based on visual criteria 
and attempted to diagnose the type of sepsis that is present.
I visited the Page Museum at the La Brea Tar Pits a total of five times to 
examine the catalogued disarticulated Nothrotheriops skeletal material. During 
these visits, I identified the appropriate bones that were to be used for a 
comparative analysis with the Devil Peak sloth specimens. A total of fifteen La 
Brea bones were analyzed: two right humeri, two radii (one left and one right), 
five ulnae (one right and four left), two pelves, one left femur, two tibia (one left 
and one right) and one left patella.
I also visited the Yale Peabody Museum to examine and measure the 
bones of the completely articulated Aden Crater sloth that is on display. I 
measured a total of thirteen bones of the Aden Crater sloth. These include both 
humerii, both radii, both ulnae, the pelvis, both femora, both tibia, and both 
patellae.
An inventory of all the samples used is found in Table 1. All of the 
specimens used in this study are Rancholabrean in age (10,000 to 100,000 
years B.P.).
Morphometric Measurement Techniques
I obtained a total of forty-six morphometric measurements on thirty-nine 
bones. The bones consist of seven specific bone types, including humeri, radii, 
ulnae, femora, pelves, tibiae, and patellae. The data from these measurements 
were used to morphometrically characterize the anatomical dimensions of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Nothrotheriops shastensis. Diagrams illustrating where I obtained the 
morphometric measurements are located in Appendix A of this study.
TABLE 1. Materials used in this study.
Specimen
Name
Number
of
Bones
Age State of 
Preservation
Repository
Devil Peak 
Sloth
11 Rancholabrean Articulated
Nevada State Museum, 
Las Vegas
La Brea 
Samples
15 Rancholabrean Non­
articulated
George 0. Page Museum
Aden Crater 
Sloth
13 Rancholabrean Articulated Yale Peabody Museum
I measured all of the available Devil Peak Sloth long bones and the pelvis 
(Figures 4a and 4b). I used calipers, a scale, or a tape measure, depending on 
the measurement being made. Christopher Shaw of the Page Museum referred 
me to Von den Driesch (1976) because it is a standardized, widely accepted 
system of measurements. The guide provides detailed illustrations along with 
short discussions for each bone to be measured.
Before I obtained any measurements, I reviewed the appropriate sections 
of the Von den Driesch guide to identify which measurements that I needed to 
make. For example, when measuring a femur, I first referred to Von den Driesch, 
identified the measurements that needed to be made, and then located the 
appropriate area on the sloth bone to make each measurement. I used this
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approach until all the necessary measurements were made for each bone
specimen.
Inventory of Devil Peak Sloth Bones
LEGEND
Bones present but not used 
for comporottve morphoiogy 
Bones used for canparottve 
moiphology 
Bones present os bone 
fragments (scapulae)
Partidlv reconstructed 
bones used for comparison 
Mot present
Figure 4a -  Devil Peak sloth showing bones present at the Nevada 
State Museum (right view).
Inventory of Devil Peak Sloth Bones
LEGEND
I Bones present but not used 
I for comparative morphologv
I Bones used for comparative morphology 
I  Bones present as bone 
I tagm ents (scapulae)
I Partially reconstructed 
I bones used for comparison
I Not present
Figure 4b -  Devil Peak sloth showing bones present at the Nevada 
State Museum (left view).
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Bass (1995) and White (2000) were also referred to when I had difficulty 
understanding certain measurements described in Von den Driesch (1976). The 
morphometric data from all of the measurements obtained are presented in 
tables in Chapter 3.
Ground Sloth Comparison
After I obtained the morphometric data from the Devil Peak sloth I 
compared those data to specimens housed at the Page Museum. After visiting 
the Page Museum in August 2001 and again in June 2002, I determined that 
there were a sufficient number of long bones to measure in order to make the 
appropriate comparative morphometric measurements. Stock (1942) also 
provided detailed morphometric measurements of La Brea sloths that I 
referenced as necessary. One drawback of the Page Museum bones is they are 
isolated disarticulated bones from various sloths that perished at the site.
At the Page Museum, I identified the most common, best preserved, and 
most useful Nothrotheriops bones for characterizing the morphology of the 
species, and I acquired detailed morphological measurements from each of 
them. I obtained the same measurements on the La Brea specimens as I had 
taken on the Devil Peak sloth.
After obtaining the necessary measurements from the Page Museum, I 
traveled to the Yale Peabody Museum to obtain comparable data from the Aden 
Crater sloth (Figure 5).
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Figure 5 -  Aden Crater sloth (Lull, 1930)
I have incorporated all measurements into tables in Chapter 3. Each 
table lists the measurements of a specific bone from the Devil Peak sloth, the 
Aden Crater sloth, and the La Brea specimens.
Regression Analvsis 
I used univariate regression analysis to determine the strength of 
relational dependence between the Devil Peak sloth and the La Brea and Aden 
Crater specimens. I compared one measurement type from two samples at a 
time to determine if there was a systematic relationship between the two sample 
sets, which includes identifying any similarities or dissimilarities. This regression 
method was used because it matches the simplicity of the data set and the small 
number of measurements made for each specimen.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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I used the linear regression model in the following equation that approximates a 
straight line:
y = Po + pi * X (Beyer, 1976)
Where y is the measurement from Devil Peak sloth
X is the measurement from the La Brea or Aden Crater sample,
Po is the intercept of the regression model, and 
Pi is the slope of the regression model
Of primary interest is the slope of the fitted model (Pi), which quantifies the 
similarity as the rate of change between the Devil Peak measurement 
(dependent variable) and the measurement of the sample (independent variable, 
e.g. Aden Crater specimen). The closer the value of the slope is to 1, the closer 
is the relationship to 1:1. The closer the relationship is to 1:1 indicates that the 
comparison between sample sets is statistically significant and thus assists in 
supporting that they are from the same age group. A 1:1 relationship indicates a 
very similar appearance between animals. Similar looking animals are more 
likely to be the same age than animals that do not look alike. Essentially, a unit 
change in x will cause/result in a unit change in y. The closer the value is to 1, 
the stronger is the similarity between the Devil Peak sloth and the La Brea and 
Aden Crater specimens
The strength of the linear relation between y and x is the coefficient of 
determination (R^). The closer the value of R  ̂to 1, the closer is the proximity of 
the observations to the fitted line. The degrees of freedom (df) is the number of 
independent pieces of information that go into the estimate of a parameter. In 
general, the degrees of freedom of an estimate is equal to the number of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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measured values that go into the estimate minus the number of estimated 
parameters.
Radiocarbon Date 
I made two attempts to obtain a radiocarbon age for the Devil Peak sloth 
and associated fauna discovered at the same pitfall site. The University of 
Arizona Accelerated Mass Spectrometry (AMS) laboratory have an interest in this 
project, and they agreed to date the samples in support of this thesis.
The first attempt to obtain a radiocarbon date involved a sample of the 
Devil Peak sloth’s right radius. This sample produced a 0.46 percent collagen 
yield. Because the Devil Peak sloth was located at a depth of 3.0 m at the site, I 
also attempted to constrain the geologic age of the sloth by dating specimens 
collected above and below the sloth skeleton. Therefore I also submitted a 2.43 
gram sample of the left humerus of a marmot {Marmots). This sample was taken 
from below the sloth. I also submitted a 2.86 gram sample of the right distal tibia 
of a rabbit {Lepus), which was collected above the sloth’s cranium. However, 
because all of these samples had low collagen and carbon yields, radiocarbon 
dates could not be obtained.
The second attempt involved the removal of a 9.43 gram bone sample 
from the Devil Peak sloth’s left humerus and the dating of avian egg shells 
located above and below the sloth. The bone specimen produced a 0.14 percent 
collagen yield and only 8 ug of graphite. No date was obtained, again due to low 
collagen and carbon yields.
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However, avian egg shells discovered above and below the Devil Peak 
sloth were positively radiocarbon dated. Eggshells taken from a depth of 2.5 -  
3.0 meters were dated at 30,630 (+ 420) radiocarbon years while eggshells 
located at a depth of 3.5 -  3.7 meters were dated at 33,170 (+ 520) radiocarbon 
years. The egg shell dates constrain the geologic age of the Devil Peak sloth 
towards the end of the Rancholabrean Land Mammal Age (150,000 ya to 10,000 
ya). Appendix D provides all of the detailed AMS radiocarbon information.
Standardized Proportion Table
After obtaining all the morphometric information I constructed a 
standardized proportion table to assist others in determining whether two or more 
disarticulated bones of Nothrotheriops shastensis could have come from the 
same animal (Table 13). The table lists the humerus, radius, ulna, pelvis, femur, 
and patella along with general measurements that are common from all of these 
bones - greatest length, greatest breadth of proximal end, and greatest breadth 
of distal end. I selected one bone (the humerus) and assigned it a value of 1.00. 
In a second column I filled in the rest of the standardized ratio, relative to the 
humerus value of 1.00.
The value of such a table is that a person who is working with 
disarticulated bones from a location can test the hypothesis that a particular 
femur belongs with a particular humerus. Such data would allow a person to 
determine the minimum number of individual animals a particular bone 
assemblage represents by indicating if any bones are noticeably out of proportion 
to one another. Bones that are out of proportion to one another, in comparison
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with the Devil Peak sloth, would indicate that they are not from the same animal. 
It also would allow the total length of the animal to be estimated from a single 
bone.
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CHAPTER 3
DESCRIPTION OF THE DEVIL PEAK SLOTH BONES 
This chapter provides results of the radiocarbon dates and describes the 
morphology of each Devil Peak sloth bone and identifies any abnormalities, such 
as fractures, non-specific sepsis, or parts that may be missing.
Cranium and Mandible 
The cranium was discovered mostly intact on the left side but crushed on 
the right side. Because of this condition, the skull was left in the original matrix, 
partially encased in a plaster jacket (Figures 6 & 7). On the cranium’s left side, 
the nasal, maxillary, lachrymal, lachrymal foramen, frontal, malar, squamosal, 
and a portion of the parietal are all visible. The supra-occipital bone was crushed 
and was not found associated with the skull. Observing the skull ventrally, on its 
left side (Figure 1), a portion of the maxillary, the antorbital foramen, malar, 
palatine, and palatine canal are exposed. Additionally, the left four superior 
teeth are also visible in place on the skull (Figure 6). The mandible is also 
partially preserved on the left side (Figure 7), but crushed on the right side. All 
three superior teeth are found on the left side of the mandible. Because of the 
skull’s poor condition, no measurements could be obtained. The skull of another 
undetermined Nothrotheriops shastensis was used to cast the skull used for the
18
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mounted displays at the Nevada State Museum and the San Bernardino County 
Museum.
Figure 6 -  Cranium, mandible, and teeth in matrix.
Figure 7 - Cranium, mandible, and teeth in matrix.
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Cervical Vertebrae 
An incomplete series of cervical vertebrae was examined. Only two 
cervical vertebrae were available for this study. The first cervical vertebra is in 
fair condition. Parts of this bone have been reconstructed to prevent it from 
breaking and so that it could be used for casting purposes (Figure 8). The 
spinous process has also been partially fractured. The second cervical vertebra 
examined is in much better condition. This bone is complete without any 
patchwork (Figure 9). The spinous process and transverse processes are both 
present, and there are no signs of fracture on the bone. Both of the cervical 
vertebrae are broad and have the centrum in place.
Figure 8 -  Inferior view of a cervical vertebra.
Figure 9 -  Superior view of a cervical vertebra.
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Thoracic Vertebrae
Two thoracic vertebrae are available for study. These include a relatively 
complete sample and the incomplete specimen. The first thoracic vertebra 
examined is in very good condition (Figure 10). Its centrum is intact and has a 
complete spinous process and transverse processes. The proximal portion of 
this specimen’s right and left body have noticeable signs of enlarged bony 
outgrowths suggesting the presence of sepsis. The second vertebra examined is 
in poor condition (Figure 11 ). The bone does not have a centrum on its body 
and the spinous process and transverse process have been completely fractured 
off the specimen.
Figure 10 -  Inferior view of a thoracic vertebra.
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Figure 11 -  Small piece of a thoracic vertebra.
Lumbar Vertebrae
The Lumbar vertebrae consist of two specimens (Figure 12 and 13). Both 
vertebrae are in very good condition, with the centrum attached. Each specimen 
also has a complete spinous process and transverse processes.
Figure 12 -  Inferior view of a lumbar vertebra
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
Figure 13 -  Superior view of a lumbar vertebra 
Caudal Vertebrae
A total of six caudal vertebrae were discovered with the Devil Peak sloth. 
The first caudal vertebra examined is nearly complete and in good condition 
(Figure 14). Its spinous process and vertebral arch are in good condition, as is 
its transverse process. Indications of non-specific sepsis are noticeable towards 
the proximal most portion of the transverse process. This bone location is 
enlarged and exhibits noticeable outgrowths indicating the presence of sepsis. 
The body is fairly complete and has an attached centrum. However, the distal 
portion of the body has a few fractures.
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Figure 14 -  Inferior view of a caudal vertebra.
The second caudal vertebra examined is partially complete (Figure 15). 
The spinous process and vertebral arch are intact but the right transverse 
process was fractured and has been reconstructed. The left transverse process 
was also fractured at the neck where it meets the vertebral arch, and it was glued 
back to the original bone.
Figure 15 -  Inferior view of a caudal vertebra with 
reconstructed right transverse process.
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The third caudal vertebra examined is nearly complete (Figure 16). The 
spinous process is securely held in place with the vertebral arch. The right 
transverse process is partially fractured. However, the bone was never totally 
broken away from the body. There is an indication that non-specific sepsis was 
also present at the right portion of the transverse process. This bone location is 
enlarged and exhibits noticeable outgrowths indicating the presence of sepsis. 
The body is in generally good shape. However, a small portion of bone was 
fractured from the distal part of the body. The centrum is still in place and in 
good shape.
Figure 16 -  Inferior view of a caudal vertebra.
The fourth caudal vertebra examined is in good condition (Figure 17).
The right transverse process is partially fractured. Minor reconstruction was 
performed by the San Bernardino County Museum staff to prevent it from 
breaking. The spinous process and vertebral arch are in good condition. There
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are no signs of fracturing in this area. The right transverse process is slightly 
fractured near its neck where it articulates to the body. The left transverse 
process is in good condition without any indication of fractures. The body and 
centrum of this vertebra are in good condition without any indication of fracturing.
Figure 17 -  Inferior view of a caudal vertebra.
The fifth caudal vertebra examined is also in good condition (Figure 18). 
The spinous process and vertebral arch are intact and in good condition. 
However, the right transverse process has definite signs that non-specific sepsis 
was present at this location. This bone location is enlarged and exhibits 
noticeable outgrowths indicating the presence of sepsis. The vertebra body is in 
good condition. There are no signs of fracturing or sepsis. The centrum is also 
attached and in good condition.
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Figure 18 -  Anterior view of a caudal vertebra.
The sixth caudal vertebra examined is in fair condition (Figure 19). The 
spinous process and vertebral arch are not present. The right transverse 
process has a surface fracture and was partially glued back together. The body 
of the specimen is in good shape and still contains the centrum.
Figure 19 -  Superior view of a caudal vertebra 
without the spinous process and vertebral arch.
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Scapulae
No scapulae were measured in this study. The right scapula was never 
found and the left scapula was discovered crushed at the pitfall site and is in 
extremely poor condition (Figure 20). Because of this bones condition I did not 
attempt to measure it because of the possibility of risking damage to the sample.
Figure 20- Left scapula (in matrix).
Humeri
The two upper limb bones (left and right humeri) of the Devil Peak sloth 
were recovered and are relatively complete and in good condition. The right 
humerus has two fractures; the first fracture is near the neck of the distal end of 
the bone, and the second is near the deltoid tuberosity, at the center of the 
bone’s shaft (Figures 21 and 22). The head and neck are intact at the proximal
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end of the right humerus. At the distal end the trochlea and capitulum are in 
good condition.
Figure 21 -  Anterior view of right humerus with two fractures 
(one near the neck of the distal end and the other at the middle 
of the diaphysis). Proximal end is to the left.
Figure 22 -  Posterior view of the right humerus showing 
the fracture at the distal end neck. Proximal end is to the left.
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The left humerus does not contain any fractures. However, this bone was 
discovered without a large section of its medial epicondyle. Therefore, as shown 
in Figures 23 and 24, this area of the bone has been partially reconstructed. For 
this reason, I did not use measurements at this location of the bone. The head 
and the neck of the left humerus are in good condition at the proximal end of the 
bone, as is the trochlea and capitulum at the distal end.
Figure 23 -  Anterior view of the left humerus with a reconstructed portion 
of the medial epicondyle. Proximal end is to the left.
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Figure 24 -  Posterior view of the left humerus with a reconstructed portion 
of the medial epicondyle. Proximal end is to the left.
Radius
Only the left radius of the Devil Peak sloth is present (Figures 25 & 26). 
The specimen is in very good condition, without fractures or distortions, and 
supplies information for all parts of the element. The proximal head and neck 
are in good condition, as is the styloid process located at the furthest distal end 
of the bone.
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Figure 25 -  Anterior view of the left radius. The distal end 
is to the left and the proximal end is at the right.
Figure 26 -  Posterior view of the left radius. The distal end is to 
the left and the proximal end is at the right.
Ulnae
Both the left and right ulnae of the Devil Peak sloth are present, and both 
are nearly complete (Figures 27-30). The right ulna is more complete than the
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left, however, the right specimen contains several fractures (Figures 27 & 28). 
One fracture occurs in an area between the semilunar notch and the coronoid 
process of the olecranon (located at the proximal end of the bone). This fracture 
occurs only on the ventral side of the bone. Two other fractures are located 
midway on the diaphysis, also occurring on the ventral side of the bone. Other 
than these fractures the right ulna is in very good condition. Additionally, the 
olecranon is complete, as is the head and styloid process of the bone.
Figure 27 -  Medial view of the right ulna. The proximal end is to the 
left and the distal end is to the right.
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Figure 28 -  Medial view of the right ulna. The proximal end is at the left 
and the distal end is to the right.
Figure 29 -  Medial view of the left ulna without the head and styloid 
process. The proximal end is to the left and the distal end is to the left.
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Figure 30 -  Medial view of the left ulna without the head and styloid 
process. The proximal end is to the right and the distal end is to the left.
The left ulna, although not as complete as the right one, is still in good 
condition. This bone contains a fracture at the midpoint of the diaphysis (Figures 
29 & 30). This fracture is seen on both the anterior and posterior sides of the 
bone. The distal tip of the bone was broken off, so the head and styloid process 
of the bone are missing.
Pelvis
A nearly complete pelvis of the Devil Peak sloth was recovered (Figures 
31 & 32). The upper portion of the pelvis (the ilium) is nearly complete on the 
right side, except for a circular hole in the middle of the bone. A similar sized 
hole also exists at approximately the same location on the left side of the ilium.
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These holes were filled in with plaster during excavation to keep them from 
fracturing during transport. Additionally, the left, most transverse portion of the 
ilium (the left innominate) is broken from the bone.
Figure 31 -  Anterior view of the pelvis
JK
Figure 32 - Posterior view of the pelvis.
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The sacrum’s five articular surfaces are fused and distinct. Both of the 
acetabulae, which are large and concave in shape, were preserved in excellent 
condition. However, there is a fracture on the right side of the ischium between 
the acetabulum and the sacrum. The left side of the ischium does not exhibit 
any fractures or irregularities.
The lower portions of the hip bone (the ischium) is in poor condition, and 
only a small section of it is available for study. Because of the lack of ischium 
material, it was not possible to obtain any measurements of the obturator 
foramen. The anterior portion of the hip bone (the pubis) is also in poor 
condition.
Femora
The Devil Peak sloth left and right femora are present and nearly complete 
(Figure 33-36). The right femur (Figures 33 & 34) has no fractures. The 
proximal end is complete and contains the head, greater trochanter neck, and 
lesser trochanter. The area near the great trochanter neck, just under the caput, 
possesses evidence of non-specific sepsis that is confined to this location. This 
bone location is enlarged and exhibits noticeable outgrowths indicating the 
presence of sepsis. The distal end is also complete. The medial and lateral 
condyles are in place as is the patellar articular surface and tibia articular 
surface.
The left femur is in good condition (Figures 35 & 36). The head, greater 
trochanter neck, and lesser trochanter are complete at the proximal end. The 
patellar articular surface is in good shape, as are the medial and lateral condyles
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at the distal end. A portion of the tibial articular surface is fractured from the 
bone.
Figure 33 -  Anterior view of the right femur. Proximal end is 
at the left and the distal end is at the right.
Figure 34 -  Posterior view of the right femur. Proximal end 
is at the left and the distal end is at the right.
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Figure 35 -  Posterior view of the left femur. Proximal end is at the 
left and the distal end is at the right.
Figure 36 -  Anterior view of the left femur. Proximal end is at the 
right and the distal end is at the left.
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Patellae
Both the left and right patellae of the Devil Peak sloth are present, and 
both are in very good condition (Figures 37 & 38). The specimens possess 
superior borders, lateral articular facets, and medial articular facets.
KM# i Uuftutwirr 'Tirc
Figure 37 -  Right Patella
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Figure 38 -  Left Patella
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Tibiae
The right tibia of the Devil Peak sloth is present (Figure 39). This 
specimen is in poor condition. Only the far distal end of the bone exists in its 
original state. Thus the only detailed measurement that could be made is from 
the medial malleolus and the fibular articular surface (inferior). The remaining 
portion of the bone was reconstructed by the San Bernardino County Museum 
staff in order to build replica casts of the entire Devil Peak sloth.
Figure 39 -  Medial view of the right tibia with the reconstructed proximal 
end on the left.
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CHAPTER 4
COMPARATIVE MORPHOLOGY
In this chapter I compare the morphometric measurements and regression 
analysis of the Devil Peak sloth with the Aden Crater sloth and La Brea 
specimens. Throughout this chapter I refer to specific bone locations where I 
obtained the measurements. Refer to Appendix A to see illustrations of the 
locations where I made the measurements for each bone type.
Humeri
The two Devil Peak sloth humeri were compared with two right humeri 
from La Brea and the two humeri of the Aden Crater sloth (Table 2). The major 
difference is in the greatest length measurement. Both La Brea humeri are 
conspicuously longer than those of the Aden Crater sloth and the Devil Peak 
sloth. The measured greatest length of the Aden Crater sloth humeri exceeds 
those of the Devil Peak sloth by approximately one cm. This is the only humerus 
dimension in which the Aden Crater sloth is larger than the Devil Peak sloth.
There is a slight variation in the greatest breadth of the proximal end and 
the depth of the proximal end. La Brea specimen 1874 R-2 is incomplete at 
these measurement locations or it would have greatly exceeded the other
42
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samples. Measurements of the smallest breadth of the diaphysis, greatest 
breadth of the distal end, and greatest breadth of the trochlea were larger in the 
La Brea specimen 1874 R-2 than any other specimens. The Devil Peak sloth 
slightly exceeds the Aden Crater specimens in these measurement categories. 
However, they were slightly smaller than La Brea specimen 1874 
R-1. In terms of overall size, the Devil Peak sloth humeri fall between the La 
Brea and Aden Crater specimens.
Two regression analyses were performed for the two humeri. The first 
regression assesses the relationship between the right and left Devil Peak 
humeri and two right La Brea humeri (Figure 40). In this regression analysis the 
slope is 0.87 and the R  ̂value is 0.997 from (df = 9).
HUMERI
500
y =  226 + 0.87* La Brea, R2 = 0.997, df = 9
3  400
300
200
100
100 200 # 0
La Brea (R1 & R2)
400 500
Figure 40 -  Humerus regression analysis between Devil Peak sloth
and the La Brea specimens. Data of all measurements taken from Table 2.
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Abbr. Measurement Description
La Brea 
No. 1874 
R-1
La Brea 
No. 1874 
R-2
Aden
Crater
R-1
Aden
Crater
L-1
Devil Peak 
Sloth 
R-1
Devil Peak 
Sloth 
L-1
GL Greatest length from the furthest 
proximal end to the furthest distal 
end (trochlea)
418 404 373 369 361 360
GLC Greatest length from caput (head)
432 ♦ 383 385 377 383
Bp Greatest breadth of the proximal 
end 106 54.6* 95.3 97.7 99.8 97.8
Dp Depth of the proximal end
82.8 55.7* 72.4 72.8 73.8 74.2
SD Smallest breadth of diaphysis
49.3 57.3 41.8 41.6 49.5 46.2
Bd Greatest breadth of the distal end
162 191 132 140 159 160
BT Greatest breadth of the trochlea
95.6 111.1 83.4 81.4 84.8 89.4
■D
CD
C /)
C /)
See Appendix A for measurement diagrams
* Incomplete bone material
♦ Unable to obtain measurement
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The second regression assesses the relationship between the right and 
left Devil Peak humeri and the Aden Crater right and left humeri (Figure 41). 
This regression produces a slope of 0.96 and an value of 0.996 taken from 
(df=12).
HUMERI
500
y = 10.42 + 0.958 * Aden Crater, R2 = 0.996, df = 12
400
300
200
100
—U. 
40b
.....I___________ I____
200 300
Aden Crater Sloth (R & L)
5JOO100
Figure 41 -  Humerus regression analysis between Devil Peak sloth and the Aden 
Crater specimens. Data of all measurements taken from Table 2.
Radii
The Devil Peak sloth is represented by its left radius, which was compared 
with two La Brea specimens and two Aden Crater specimens. The Devil Peak 
sloth radius, at its greatest length, is shorter than La Brea specimen 1872 R-1, 
but it is equal in length to the Aden Crater specimens (Table 3). La Brea 
specimen 1872 R-1 is incomplete; the dimensions of its smallest diaphysis 
breadth, smallest diaphysis circumference, and greatest breadth of the distal end
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indicate that this radius is much larger, and therefore possibly came from an 
older animal than the Devil Peak sloth. The case is not the same for La Brea 
specimen 1872 L-1, which is similar in size to the Devil Peak and Aden Crater 
specimens.
The Devil Peak sloth radius is similar to the Aden Crater radii in all 
dimensions. In measurements taken of greatest breadth of the proximal end and 
smallest circumference of the diaphysis, the Devil Peak radius exceeds the Aden 
Crater specimens by only a few millimeters. However, in measurements taken of 
the smallest breadth of diaphysis and greatest breadth of the distal end, the Aden 
Crater specimen is a few millimeters larger than the Devil Peak radius.
Based on these data, I infer that La Brea specimen 1872 R-1 came from 
an older animal than the Devil Peak sloth (this assumes there is no geographic 
size variation). The La Brea specimen 1872 L-1 sloth, the Devil Peak sloth, and 
the Aden Crater sloth were approximately the same age, as inferred by the 
closeness of the dimensions of their radii.
Four radii regression analyses were performed. The first regression 
(Figure 42) assesses the relationship between the left Devil Peak sloth radius 
and the right La Brea specimen. This analysis yields a slope of 0.85 with an R̂  
value 0.999 from (df=-3).
The second regression analysis assesses the relationship between the left 
Devil Peak sloth radius and the left La Brea radius (Figure 43). This analysis 
produces a slope of 0.95 with an R  ̂value 0.991 from (df=2).
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TABLE 3. Measurements (in millimeters) of radii of N. shastensis.
Abbr. Measurement Description
La Brea 
No. 1872 
R-1
La Brea 
No. 1872 
L-1
Aden
Crater
R-1
Aden
Crater
L-1
Devil Peak 
Sloth 
L-1
GL Greatest length from the proximal 
epiphysis (head) to the styloid 
process
397 ♦ 338 339 338
Bp Greatest breadth of the proximal end
♦ 48.8 41.8 38.6 45.7
BFp Greatest breadth of the facies 
articularis proximalis (humeral 
articular surface)
♦ 36.8 ♦ ♦ 41.0
SD Smallest breadth of diaphysis
46.4 37.8 38.6 37.4 36.2
CD Smallest circumference of diaphysis
124 106 ♦ 100 103
Bd Greatest breadth of the distal end
77.3 ♦ 60.3 61.5 61.4
BFd Greatest breadth of the facies 
articularis Distalis 54.8 ♦ ♦ ♦ 53.8
See Appendix A for measurement diagrams 
♦ Unable to obtain measurement
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The third regression analysis assesses the relationship between the left 
Devil Peak sloth radius and the right Aden Crater radius (Figure 44). This 
analysis produces a slope of 0.997 with an value 0.9996 from (df=2).
RADI
Y  = -0.658 + 0.852 * La Brea. R2 = 0.999
Figure 42 -  Radius regression analysis between the left 
Devil Peak sloth radius and the right La Brea radius. Data of 
all measurements taken from Table 3
RADI!
70
60
Y = 2.21 + 0.95 * La Brea, R2 = 0.991, d f = 2
30 40 50 60 70 80 90 100 110
Figure 43 -  Radius regression analysis between the left Devil 
Peak sloth radius and the left La Brea radius. Data of all 
measurements taken from Table 3.
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. RADII .
40
Y = 0 08 + 0.997 * Aden Crater. R2 = 0 9996
350
300
250
200
150
100
Aden Crater Sloth R1
Figure 44 -  Radius regression analysis between the left 
Devil Peak sloth radius and the right Aden Crater radius. 
Data of all measurements taken from Table 3.
The fourth regression analysis assesses the relationship between the left 
Devil Peak radius and the left Aden Crater radius (Figure 45). This analysis 
produces a slope of 0.99 with an value 0.9993 from (df=3).
400
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u 100
50
0
RADII
>'= 2 .83 - ().^)S9*Y(ile,R- = 0.999
0 50 100 150 200 250 300 350 40
________________________________ Peabody L I_______________
Figure 45 -  Radius regression analysis between the left 
Devil Peak sloth radius and the left Aden Crater radius. 
Data of all measurements taken from Table 3.
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Ulnae
The Devil Peak sloth is represented by two ulnae that were compared with 
five La Brea samples and two Aden Crater samples. Of the five La Brea ulnae, 
it was possible to obtain a full set of measurements, including greatest length, 
from three specimens. The Devil Peak ulnae are appreciably shorter than the 
three La Brea specimens (Table 4). However, the Devil Peak ulnae are slightly 
longer than the Aden Crater ulnae (Table4).
The next set of measurements involved the olecranon. Four of the five La 
Brea specimens, with the exception of specimen 1873 L-4, have significantly 
greater olecranon lengths, smallest depth of the olecranon, and greatest breadth 
across the coronoid process than does the Devil Peak sloth. However, the 
depth across the processus anconaeus of the Devil Peak sloth is nearly equal to 
that of the La Brea specimens. Olecranon comparisons between the Devil Peak 
sloth and the Aden Crater specimens show that they are nearly equal for all 
measurements.
Two regression analyses were performed on the ulna data. The first 
regression analyses (Figure 46) assesses the relationship between the right and 
left Devil Peak sloth ulnae and the right and left La Brea ulnae. This analysis 
produces a slope of 0.84 with an value 0.997 from (df=7).
The second regression analyses assess the relationship between the right 
and left Devil Peak sloth ulnae and the right and left Aden Crater sloth ulnae 
(Figure 47). This analysis produces a slope of 0.997 with an R  ̂value 0.998 from 
(df=7).
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TABLE 4. Measurements (in millimeters) of ulnae of N. shastensis.
Abbr Measurement Description
La Brea 
No. 
1873 
R-1
La Brea 
No. 
1873 
L-1
La Brea 
No. 
1873 
L-2
La Brea 
No. 
1873 
L-3
La Brea 
No. 
1873 
L-4
Aden
Crater
R-1
Aden
Crater
L-1
Devil
Peak
Sloth
R-1
Devil
Peak
Sloth
L-1
GL Greatest length measured 
from the olecranon to the 
styloid process 411* 451 445 ♦ ♦ 379 377 383 380*
LO Length of the olecranon
77.5 70.9 73.5 70.5 53.5 56.4 57.3 62.3 62.4
DPA Depth across the 
processus anconaeus 51.5 50.6 53.6 53.4 40.6 43.2 47.7 54.1 52.1
SDO Smallest depth of the 
olecranon 52.4 45.4 49.6 54.6 38.7 42.3 38.7 36.4 41.2
BPC Greatest breadth across 
the coronoid process 86.8 86.4 91.6 93.4 88.6 67.2 71.4 75.2 78.7
See Appendix A for measurement diagrams
■D
CD
* Incomplete bone material
♦ Unable to obtain measurement
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ULNAE
V = 3.43+ 0.83* LaBrca,R^ = 0.901,d f  =
S 300o
200 300
La Brea (R1 & L1S
Figure 46 -  Ulnae regression analysis between the right and 
left Devil Peak ulnae and the right and left La Brea ulnae. 
Data of all measurements taken from Table 4.
ULNAE
400
300
200
100
100
Aden Crater (R&L)
300
Figure 47 -  Regression analysis between the right and left 
Devil Peak sloth ulnae and the right and left Aden Crater 
ulnae. Data of all measurements taken from Table 4.
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Pelves
I measured eleven dimensions of the Devil Peak sloth pelvis, and 
compared these with the dimensions of two La Brea specimens and the Aden 
Crater specimen (Table 5). La Brea specimen 1892-2, which is only partially 
complete, has a larger greatest length measurement than the other specimens.
In general. La Brea specimen 1892-2 was larger than specimen 1892-1 in nearly 
all dimensions. This was surprising because Stock (1925) referred to La Brea 
specimen 1892-1 as being older than specimen 1892-2, which he earlier 
described as being a young animal. Therefore the hypothesis was that 
specimen 1892-1 should be larger than specimen 1892-2.
Measurements of La Brea specimen 1892-2 are larger than those of both 
the Devil Peak sloth and Aden Crater sloth in all categories. La Brea specimen 
1892-1, on the other hand, has similar size measurements for nearly all 
categories when compared with the Devil Peak sloth. It is greater in all 
dimensions except one than the Aden Crater sloth.
The Devil Peak sloth is consistently larger in all pelvic dimensions than the 
Aden Crater sloth. The biggest differences are in the smallest breadth of the 
shaft of the ilium and the smallest circumference of the shaft of the ilium. In 
these dimensions the Devil Peak sloth is much larger than the Aden Crater sloth. 
As shown in Table 5, all other pelvic dimensions of the Devil Peak sloth are 
greater than those of the Aden Crater sloth. A general measurement comparison 
between the pelvis and the other bone types is discussed in Chapter 5.
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TABLE 5. Measurements (in millimeters) of pelves of N. shastensis.
Abbr. Measurement Description
La Brea 
No. 
1892-1
La Brea 
No. 1892- 
2
Aden
Crater
Devil
Peak
GL Greatest length of one half 469 473 418 448
LA Length of the acetabulum including the lip
95.3 104.6 84.2 96.9
LAR Length of the acetabulum on the rim
83.5 96.6 77.6 88.6
SH Smallest height of the shaft of ilium
25.4 24.3 15.8 19.5
SB Smallest breadth of the shaft of ilium
17.5 25.1 13.6 24.4
SC Smallest circumference of the shaft of ilium
587 598 403 544
LFo Inner length of the foramen obturatum
84.4 94.5 85.6 94.8
GBTc Greatest breadth across the tubera coxarum 
-  greatest breadth across the lateral angle 347 346 272 326
GBA Greatest breadth across the acetabula
416 442 293 363
GBTi Greatest breadth across the tubera 
ischiadica 844 ♦ 647 768*
SBI Smallest breadth across the bodies of the 
ischia 488 483 404 444
See Appendix A for measurement diagrams
* Incomplete bone material
♦ Unable to obtain measurement
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700
600
PELVES
y = 8.48 + 0.90* La Brea 1, R2 = 0.997, df = 8
£  500
o  200
Figure 48 -  Pelvis regression analysis between the Devil Peak 
sloth and the La Brea 1 sloth. Data of all measurements taken 
from Table 5.
Three pelvic regression analyses were performed. The first regression 
analysis (Figure 48) assesses the relationship between the Devil Peak sloth 
pelvis and the La Brea 1 pelvis. This analysis produces a slope of 0.90 with an 
value 0.997 from (df=8).
The second regression analysis assesses the relationship between the 
Devil Peak sloth pelvis and the La Brea 2 sloth (Figure 49). This analysis 
produces a slope of 0.91 with an R  ̂value 0.994 from (df=8).
The third regression analysis assesses the relationship between the Devil 
Peak sloth pelvis and the Aden Crater sloth (Figure 50). This analysis produces 
a slope of 1.18 with an R  ̂value 0.997 from (df=8).
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PELVES
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Y = 2.31 + 0.90 * La Brea 2, R2 = 0.994, d f = 8
600
£  500 
”  400
200
100
100 200
Figure 49 -  Regression analysis between the Pelves of the 
La Brea 2 sloth and the Devil Peak sloth. Data of all measurements 
taken from Table 5.
PELVES
600
Y = 1 93 + 1 .18* Aden Crater. R2 = 0.977, df = 8
500
400
300
200
100
0
.400 500100 200 3000
Aden Crater Sloth
Figure 50 -  Regression analysis between pelves of the 
Devil Peak sloth and the Aden Crater sloth. Data of all 
measurements taken from Table 5.
Femora
Two Devil Peak sloth specimens were compared with one La Brea 
specimen and two Aden Crater specimens (Table 6). The La Brea specimen is
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generally larger than the Devil Peak sloth in almost all categories and larger in all 
categories than the Aden Crater sloth. This is true for the greatest length and 
greatest breadth of proximal end measurements, where there is a large 
discrepancy between the compared values.
The Devil Peak sloth femora are larger than the Aden Crater sloth 
specimens in nearly all the measurement categories, and a few of the 
measurements have large size differentials. These differences occur at the 
smallest breadth of diaphysis and smallest circumference of the diaphysis.
Two femora regression analyses were performed. The first (Figure 51 ) 
assesses the relationship between the Devil Peak sloth left femur with the La 
Brea left femur. This analysis produced a slope of 0.90 with an value 0.957 
from (df=6).
400
£  300
ra^ 200 
I
100
FEMORA
Y = 11.16+ 0.90* La Brea, R2 = 0
50 100 ’15b' 200.....K o  3 0 0 "  3SV
Figure 51 -  Femur regression analysis between the left Devil 
Peak sloth femur and the left La Brea femur. Data of all 
measurements taken from Table 6.
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TABLE 6. Measurements (in millimeters) of femora of N. shastensis.
Abbr. Measurement Description
La Brea 
No. 1871 
L-1
Aden
Crater
R-1
Aden
Crater
L-1
Devil Peak 
Sloth 
R-1
Devil Peak 
Sloth 
L-1
GL Greatest length from the furthest 
proximal end to the furthest distal 
end
398 343 333 338 348
GLC Greatest length from caput 
femoris (head) 384 362 359 357 359
Bp Greatest breadth of the proximal 
end 179 132 129 153 154
BTr Greatest breadth of the region of 
the trochanter tertius 146 113 115 134 138
DC Greatest depth of the caput 
femoris 90.6 72.4 71.6 79.3 78.6
SD Smallest breadth of diaphysis
112 85.1 87.6 125 131
CD Smallest circumference of 
diaphysis 268 202 208 292 297
Bd Greatest breadth of the distal end
195 172 171 168 176
See Appendix A for measurement diagrams
Ol00
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The second regression analyses assessed the relationship between the 
Devil Peak sloth femora with the Aden Crater sloth femora (Figure 52). This 
analysis produces a slope of 0.93 with an value 0.922 from (df=14).
FEMORA..
400
Y = 35.4 + 0.93 * Aden Crater, R2 = 0.922
350
il300
250
200
150
1 i
■Î  ■■■'■ 1 ■
100
50
Aden Crater Sloth (R&t)
Figure 52 -  Femur regression analysis between the right and 
left Devil Peak sloth femora and the right and left Aden Crater 
sloth femora. Data of all measurements taken from Table 6.
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Patellae
The Devil Peak sloth is represented by two patellae samples that were 
compared with one left La Brea patella and two Aden Crater patellae (Table 7). 
The Devil Peak sloth patellae had smaller greatest length measurements than 
the La Brea specimen. Both Devil Peak sloth specimens had larger greatest 
breadth size than the La Brea patellae. The Devil Peak sloth specimens are 
also much larger, in terms of greatest breadth and greatest length, than both of 
the Aden Crater specimens.
TABLE 7. Measurements (in millimeters) of patellae of N. shastensis.
Abbr. Measurement
Description
La Brea 
No. 1895 
L-1
Aden
Crater
R-1
Aden
Crater
L-1
Devil
Peak
Sloth
R-1
Devil
Peak
Sloth
L-1
GL Greatest
length 104.8 81.1 81.9 103.5 101.7
GB Greatest
breadth 61.6 47.5 51.6 63.1 62.3
See Appendix A for measurement diagrams
Tibiae
Extreme tibia distal end comparisons were taken (Table 8). This area of 
the bone was compared with two La Brea specimens and two Aden Crater 
specimens. In general, the greatest distal breadth and depth of both La Brea 
specimens were slightly larger than the Devil Peak sloth. In contrast, 
measurements from the Devil Peak sloth specimens were slightly greater than 
the Aden Crater specimens.
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TABLE 8. Measurements (in millimeters) of tibiae of N. shastensis.
Abbr. MeasurementDescription
La Brea 
No. 1870 
R-1
\La Brea 
No. 1870 
L-1
Aden
Crater
R-1
Aden
Crater
L-1
Devil
Peak
Sloth
R-1
GL Greatest length from 
the superior articular 
surface to the medial 
malleolus
316 306 251 256 ♦
Bp Greatest breadth of 
the proximal end 188 178 148 146 ♦
SD Smallest breadth of 
the diaphysis 68.6 57.2 45.6 47.5 ♦
CD Smallest
circumference of the 
diaphysis
188 163 136 134 ♦
Bd Greatest breadth of 
the distal end 143 130 109 108 133
Dd Greatest depth of 
the distal end 72.1 67.6 52.8 55.6 62.2
See Appendix A for measurement diagrams 
♦ Unable to obtain measurement
Regression Analysis for All Sloths 
A linear model was fitted to all parts for each sample (sample meaning 
each individual sloth - Devil Peak sloth, Aden Crater sloth, and the La Brea 
specimens) to predict the overall relationships of the Devil Peak sloth with the La 
Brea and Aden Crater samples. Thus two regression analyses were performed. 
The first analysis involved assessing the relationship between the Devil Peak 
sloth with the La Brea sloth specimens (Figure 53). This analysis produced a 
slope of 0.90 with an R  ̂value 0.99 from (df=50).
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The second analysis involved assessing the relationship between the 
Devil Peak sloth with the Aden Crater sloth (Figure 54). This analysis produced 
a slope of 1.044 with an value 0.97 from (df=64). Most of the data plots are 
close to the slope of the line, with the exception of the femur and pelvis. This 
may indicate that anisometric growth is occurring for the Devil Peak sloth 
because as discussed in Raup and Stanley (1978) growth is isometric if the 
plotted line is straight and passes through the origin, all other conditions produce 
anisometric growth.
800 
700 
6001
De 
I vil 
Pe
ak 4001 
oth 300 i 
200 
100
Y =2.66 + 0.90 * La Brea, R2 = 0.99, df = 50
l i
0 100 200 300 400. 500 600%  # 0  #
La Brea Specimens
Figure 53 -  Whole data regression analysis between the Devil Peak sloth 
and La Brea specimens. Data of all measurements taken from Table 8.
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Figure 54 -  Whole data regression analysis between the Devil Peak sloth and 
the Aden Crater sloth. Allometry may exist because of the differences in the 
femur (F) and pelvis (P). Data of all measurements taken from Table 8.
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CHAPTER 5
INTERPRETATION 
Morphometric Measurement Observations 
A general size discrepancy was discovered after analyzing a series of four 
morphometric measurements that were taken from approximately the same bone 
locations on the Devil Peak sloth, Aden Crater sloth, and La Brea specimens. 
These measurements included the greatest length (GL), greatest breadth of the 
proximal end (Bp), smallest breadth of the diaphysis (SD), and the greatest 
breadth of the distal end (Bd). The measurements showed that the Devil Peak 
skeleton, as a whole, is approximately 10 percent smaller than the La Brea 
bones and about 10 percent larger than the Aden Crater skeleton (Table 9). The 
Aden Crater sloth, as a whole, is approximately 17 percent smaller than the La 
Brea bones.
The greatest length (GL) measurement comparisons found in Table 10 
show that, overall, the Devil Peak sloth is nearly equal with the Aden Crater sloth 
and approximately 15% smaller than the La Brea specimens, without including 
the pelvis measurements.
64
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TABLE 9. Comparisons of the same average measurement between different 
samples (Devil Peak sloth, Aden Crater sloth, and La Brea specimens) 
expressed in ratio.
GL Average Bp Average SD Average Bd Average
Whole Specimen 
Comparative Total
Devil Peak sloth compared 
to Aden Crater sloth 1.055 1.112 1.194 1.061 1.106
Devil Peak sloth compared 
to La Brea specimens 0.896 0.909 0.967 0.86 0.908
Aden Crater sloth 
compared to La Brea 
specimens 0.852 0.821 0.819 0.813 0.826
GL -  Greatest Length; Bp -  Greatest breadth of proximal end; SO -  Smallest 
breadth of the diaphysis; Bd -  Greatest breadth of the distal end.
TABLE 10. Comparisons of the greatest length (GL) ratio by bone type of the 
Devil Peak sloth, Aden Crater sloth, and the La Brea specimens.
Humeri Radii Ulnae Pelvis Femora Patellae Average
DP GL (mm) 361 338 383 448 338 103.5
360 348 101.7
DP Average GL (mm) 360.5 338 383 448 343 102.6
Devil Peak sloth compared with 
Aden Crater sloth - GL (ratio) 0.972 0.999 1013 1.072 1.015 1259 1.055
Devil Peak sloth compared with 
La Brea specimens - GL (ratio) 0.877 0^51 0.855 0.951 0.862 0.979 0.896
Aden Crater GL (mm) 373 338 379 418 343 81.1
369 339 377 333 81.9
Aden Crater Average GL (mm) 371 338.5 378 418 338 81.5
Aden Crate sloth compared with 
La Brea specimens - GL (ratio) 0.903 0^53 0.844 0 8&7 0 849 0.778 0.852
La Brea GL (mm) 418 397 451 469 398 104.8
404 445 473
La Brea Average GL (mm) 411 397 448 471 398 104.8
In comparing the pelvis of the samples, the greatest length difference 
between the Devil Peak sloth and the La Brea specimens is only 5 percent, 
favoring the La Brea specimens. This is important because the pelvis is an
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excellent Indicator of sex determination; the highest accuracy of determining 
male from female has been achieved using this bone (Bass, 1995). Because the 
greatest length measurements of all the La Brea bones are about 15 percent 
larger than the Devil peak sloth bones this should also be true for the pelvis, 
unless the Devil Peak sloth is a different sex than the La Brea specimens.
In greatest length measurement comparisons between the Devil Peak 
sloth and the Aden Crater sloth, the Devil Peak sloth was nearly equal when 
compared with the Aden Crater sloth. However, the most noticeable discrepancy 
between these samples is the difference in the pelvis size. In this greatest length 
measurement category the Devil peak sloth was 10 percent greater in length 
than the Aden Crater sloth. This is a large discrepancy in relation to the rest of 
the greatest length measurements. Because the Devil Peak sloth and the Aden 
Crater sloth are nearly equal in greatest length measurements, with the 
exception of the pelvis, one potential explanation is a difference in sex between 
the two sloths. This is based on the assumption that geographic size variation 
does not exist.
Taking this concept one step further. Table 11 provides the percentage 
differences between pairs of pelvic measurements and illustrates the 
relationships between the various samples. The detailed measurement 
comparison between the Devil Peak sloth and the La Brea specimens is 
approximately 4 percent, favoring the La Brea specimens. This is a small 
discrepancy considering how much greater in overall size the La Brea bones are 
compared to the Devil Peak sloth.
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The difference between the Devil Peak sloth pelvis and the Aden Crater 
sloth pelvis is 24 percent in favor of the Devil Peak sloth. This is an extremely 
large discrepancy considering that the greatest length measurements between 
the two samples were approximately 1 percent.
For comparative purposes the pelvic size difference between the Aden 
Crater sloth and the La Brea specimens is approximately 22 percent. This large 
discrepancy is consistent with the other greatest length measurements between 
the Aden Crater sloth and the La Brea specimens.
TABLE 11 -  Pelvic ratio measurement comparisons.
GL LA LAR SH SB 80 LFo GBTc GBA SB!
Ratio
Avg.
Devil Peak sloth pelvis 
measurements 448 96.9 89 19.5 24.4 544 94.8 326 363 444
Aden Crater sloth pelvis 
measurements 418 84.2 78 15.8 13.6 403 85.6 272 293 404
La Brea #1 Pelvis 
Measurements 469 95.3 84 25.4 17.5 587 84.4 347 416 488
La Brea #2 Pelvis 
Measurements 473 105 97 24.3 25.1 598 94.5 346 442 483
La Brea Average 471 100 90 25 21 593 89 347 429 486
DP vs. Aden Crater - 
Pelvis 1.1 1.2 1.1 1.2 1.8 1.3 1.1 1.2 1.2 1.1 1.2
DP vs. La Brea - Pelvis 1.0 1.0 1.0 0.8 1.1 0.9 1.1 0.9 0.8 0.9 1.0
Aden Crater vs. La Brea - 
Pelvis 0.9 0.8 0.9 0.6 0.6 0.7 1.0 0.8 0.7 0.8 0.8
GL-greatest Length; LA-length of the acetabulum, including the lip; LAR-length of 
the acetabulum on the lip; SH-smallest height of the shaft of the ilium; SB- 
smallest breadth of the shaft of ilium; SC-Smallest circumference of the shaft of 
ilium; LFo-inner length of the foramen obturatum; GBTc-greatest breadth across 
the tubera coxarum; GBA-greatest breadth across the acetabula; SBI-smallest 
breadth across the bodies of the ischia.
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Regression Analysis Observations 
From the regression analyses performed on individual bones, the similarity 
between the Devil Peak sloth and the Aden Crater sloth is greater than that in the 
La Brea specimens, as indicated by the slope (Pi). Additionally, with the 
exception of the pelvis, the slope values (closer to 1) and R  ̂for individual bone 
measurements for the Aden Crater sloth is higher than that of the La Brea 
specimens. This is significant because, as discussed earlier, the Aden Crater 
sloth was described by Lull (1930) as being a juvenile. This close regression 
relationship indicates that the Devil Peak sloth may be a young adult or, perhaps, 
a female sloth if it is assumed that sexual dimorphism exists within the 
Nothrotheriops shastensis species and there is no geographic size variation 
between it and the Aden Crater sloth. However, it is also noted that the degree 
of association and strength of the linear relationships determined by R  ̂is high 
(R  ̂> 0.84; (Table 12) for both samples.
TABLE 12. Slope (pi), coefficient of determination (R^) and degree of freedom 
(df) for the regression analyses of the Devil Peak sloth with the La Brea and 
Aden Crater samples. The significant level is < 0.05.
Part La Brea Aden Crater
Pi R̂ df Pi R"" df
Humeri (mm) 0.870 0.997 9 0.958 0.996 12
Radii (mm) 0.852 0.999 3 0.997 0.9996 2
0.946 0.991 2 0.989 0.9993 3
Ulnae (mm) 0.840 0.997 7 0.997 0.998 3
Femora (mm) 0.898 0.957 6 0.934 0.922 14
Pelves (mm) 0.905 0.997 8 1.1757 0.977 8
Average 0.902 0.991 50 1.044 0.966 64
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The linear model of the pelves, which is an indicator for determining sex 
for most mammals (Bass, 1995), indicates that the Devil Peak sloth and Aden 
Crater sloth have a relationship that is overestimated by 18 percent (Table 12). 
The same linear model indicates that the relationship between the Devil Peak 
sloth and La Brea specimens is underestimated by 9.5 percent. Overall, the 
fitted model was strongest for the Aden Crater sloth with = 0.97 than that of La 
Brea specimens (R  ̂= 0.90).
Biological Age Interpretations 
I asked paleontologists associated with the Devil Peak sloth excavation if 
they thought this sloth was a juvenile or an adult. Richard L. Reynolds (2003), 
who prepared many of the fossils discovered at the Devil Peak fauna, responded 
that the Devil Peak sloth was an adult (although slightly smaller in size when 
compared to other adult specimens) because its limb bone epiphyses were 
closed or fused.
I posed the same question to Robert E. Reynolds (2003) formerly of the 
San Bernardino County Museum, who led the team that excavated the Devil 
Peak sloth. He responded that other than its small size, he didn’t remember 
anything like unfused epiphyses that would indicate a young individual.
Standardized Proportion Measurements 
I constructed a standardized table from the Devil Peak sloth 
measurements (Table 13) to assist identification of isolated bones belonging to a
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particular animal. These data will help to determine the minimum number of 
individual animals a particular bone assemblage represents. It will also help the 
total length of the animal to be estimated from a single bone.
Devil Peak Sloth Total Length Measurement
Greatest Length -  Measured from tip of 
nose to end of tail.
2804
Humerus Measurement Relative Size
Greatest Length -  Measured from the 
greatest proximal end to the greatest 
distal end
360 1.00
Greatest breadth of proximal end 98 0.27
Greatest breadth of distal end 160 0.44
Radius Measurement Relative Size
Greatest Length -  Measured from the 
proximal epiphysis to the styloid process
338 1.00
Greatest breadth of proximal end 46 0.14
Greatest breadth of distal end 61 0.18
Ulna Measurement Relative Size
Greatest Length - Measured from the 
olecranon to the styloid process
383 1.00
Length of the olecranon 62 0.16
Greatest breadth across the coronoid 
process
75 0.20
Pelvis Measurement Relative Size
Greatest Length of one half 448 1.00
Smallest breadth of the shaft of ilium 24 0.05
Greatest breadth across the acetabula 363 0.81
Femur Measurement Relative Size
Greatest Length - Measured from the 
furthest proximal end to the furthest 
distal end
348 1.00
Greatest breadth of proximal end 154 0.44
Greatest breadth of distal end 176 0.51
Patella Measurement Relative Size
Greatest length 102 1.00
Greatest breadth 62 0.61
Table 13 -  Standardized proportion table for Nothrotheriops shastensis Devil 
Peak specimen. All measurements are in millimeters.
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Conclusions
After examining the Devil Peak sloth and discussing its biologic age with 
paleontologists involved with its excavation, I conclude that it is a young adult. 
The evidence supporting this conclusion is that the epiphyses are fused, which is 
a common characteristic among adult specimens (McDonald, 2003). However, 
the Devil Peak sloth’s bone texture is somewhat spongy and not as smooth as in 
known older adult specimens such as those at the Page Museum at the La Brea 
Tar Pits, which indicates that it was a younger adult specimen.
Morphometric and regression data presented in Chapters 3 and 4 also 
suggest that the Devil Peak sloth may have been a young adult female ground 
sloth. Measurements and regression models showed the similarity in bone size 
and structure between the Devil Peak and Aden Crater sloths. However, the 
most noticeable morphological discrepancy between the Devil Peak sloth and the 
Aden Crater sloth is in the pelvic measurements. The Devil Peak sloth’s pelvis is 
much larger in nearly all pelvic measurement categories than was the Aden 
Crater sloth. Because of this larger pelvis the Devil Peak sloth may have been 
female, if it is assumed that sexual dimorphism exists within the species because 
they gave birth to large infants.
There are no known studies of skeletal sexual dimorphism for Pleistocene 
giant ground sloths or extant sloths. Sexual dimorphism with extant sloths was 
discussed by Britton (1941), Goffart (1971), and Benirschke and Powell (1985), 
but these studies concern only soft tissue dimorphism. In addition, the analogy 
between modern and extinct sloths is weakened by their tremendous size
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difference. Therefore I base this suggestion of pelvic sexual dimorphism in 
Shasta ground sloths on an analogy with the human species, in which the female 
pelvis size is significantly larger than the male pelvis because the human infant’s 
large head and shoulders must pass through the pelvis at birth (Bass, 1995).
It should also be noted that bone size comparisons are not the only factors 
to approximate the size of ground sloths as discussed in this report.
Paleoecology, for example, play’s a significant role in determining the size of 
mammals. For example, a fossilized animal discovered in a known desert 
environment might have been smaller than an animal, of the same species and 
age, discovered in an area that was more lush. This is because the desert 
animal probably had less food options than the other animal and therefore fewer 
nutrients and thus did not grow as large as the other animal. Even though both 
animals are from the same species and about the same age, the environment 
would have played a role in their overall size.
Future Studv
This study is the first detailed examination of the Devil Peak sloth; 
therefore more work is needed to further characterize the anatomical dimensions 
of Nothrotheriops shastensis and how it lived. Some questions that remain are:
• Are the morphometric relationships between Nothrotheriops shastensis 
specimens from Gypsum cave and San Jose Cito similar to the Devil 
Peak sloth?
• Does sexual dimorphism exist within the giant ground sloth species?
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DESCRIPTION LOCATION
Molar, (right)
Molar Fragments 1.50 N, 0.70 E @ 2.85 M Depth
Molar Fragments
Molar Fragments
Bone associated with Atlas Vertebra Skull Level
Sternebra #1 Skull Level
Sternebra #2
Sternebra #3
Sternebra #4
Sternebra #5-Fragments
Sternal Rib #2 (right) 0.98 N, 0.65 E @ 3.2 M Depth
Sternal Rib #4 (right) In Pelvis Cast
Sternal Rib #5 (right) Skull Level
Sternal Rib #5 (left) 3.0 M Depth
Sternal Rib #6 Jacket X -  3.2 N, 0.75 E 3.0 M Depth
Sternal Rib 0.4 N, 0.42 E @ 3.2 M Depth
Sternal Rib? #9
Thoracic Rib #2 (right)
Thoracic Rib #6 (right) Level 3.0 M Depth
Thoracic Rib ? #11 (right) Proximity: 1.37 N, 0.99 E @ 3.26 M Depth
Distance: 1.43 N, 0.70 E @ 3.07 M Depth
Thoracic Rib #12 (right)
Thoracic Rib #13 (right) Proximity: 1.40 N, 1.14 E @ 3.30 M Depth
Distance: 1.25 N, 0.96 E @ 3.30 M Depth
Thoracic Rib #14 (right)
Thoracic Rib #15
Thoracic Rib Fragment (right) From Ulna-Tibia Cast
Thoracic Rib Fragment (right) Skull Level
Thoracic Rib Fragment (right)
Thoracic Rib Fragment (right)
Thoracic Rib #5 (left) 2.8N, 0.18 W ®  3.0 M Depth
Thoracic Rib #7 (left) Level 3.0 M under right Ilium
Thoracic Rib #9 (left) | Level 3.0 M
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DESCRIPTION LOCATION
Thoracic Rib #11 (left) Level 3.0 M
Thoracic Rib #14 (left) Pelvis Cast
Thoracic Rib #15 (left)
Thoracic Rib Fragment (left) 1.43 N, 0.70 E ® 3.07 M Depth
Thoracic Rib Fragment (left) 1.15 N, 1.05 E
Thoracic Rib Fragment (left)
Fragments from Cervical Vertebra 1 Above Skull
Dorsal Process from Cervical Vertebra 5 Between Upper & Lower Jaw
Cervical Vertebra 7 Jacket X -  2.80 N, 0.82 E ® 3.0 M Depth
Fragments. From Cervical Vertebra Scapula Jacket
Thoracic Vertebra 3 Jacket X -  2.80 N, 0.82 E ® 3.0 M Depth
Thoracic Vertebra 4? Skull Jacket
Thoracic Vertebra Fragments.
Fragments. From Lumbar Vertebra 1 Level 3.0 M Depth
Dorsal Process from Lumber Vertebra 2 Level 3.0 M Depth
Vertebra Centrum Level 3.7 to 4.0 M Depth
Caudal Vertebra #7 1.40, N, 0.20 E ®  3.0 M Depth
Caudal Vertebra # 12 0.90 N., 2.88 E @ 3.25 M Ht. @ 3.0 M 
Depth
Caudal Vertebra # 14
Caudal Vertebra # 15 Skull Level
Caudal Vertebra # 16 1.50 N, 0.70 E ®  2.85 M Depth Jacket 0
Caudal Vertebra #17 1.50 N, 0.70 E @ 2.85 M Depth Jacket P
Fragments with Caudal Vertebra # 2
Fragments under Caudal Vertebra #2
Fragments with Caudal Vertebra #3
Fragments with Caudal Vertebra #4
Fragments with Caudal Vertebra #5
Fragments with Caudal Vertebra
Haemal Arch #1 (Left)
Haemal Arch #2 (Left) Level 3.0 M Depth
Haemal Arch #2 (Right)
Haemal Arch # 3 Fused 1.5 N, 1.25 E ® 3.2 M Depth
Clavicle (Right)
Manus, Lunar (Right) Level 3.0 -  3.2 M Depth
Manus, Magnum (Right) 0.95 N, 0.70 E ® 3.2 M Depth
Metacarpal III (Right) Skull Level
Metacarpal IV (Right)
1®* Phalanx, Digit II -  Manus (Left) 1.40 N, 1.25 E ®  3.3 M Depth
1®* Phalanx, Digit III
Manus (Right)
2"̂  Phalanx, Digit IV
Manus (Right)
2"'̂  Phalanx, Digit IV
Manus (Left)
Cyamella
Fibula Skull Level
Tarsal A Skull Cast, right Corner
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
88
Tarsal B 2.77 N, 0.23 E @ 3.0 M Depth
Tarsal C
Metatarsal, Pes? (Right)
Metatarsal 1 (Left) Skull Level
Metatarsal III, Pes (Left)
Metatarsal IV, Pes (Left)
Metatarsal III, Pes (Right)
Metatarsal IV, Pes (Right)
Complex of:
Phalanx 1, Pes, Digit IV (Right) Between upper and lower jaws
Phalanx 1, II, III, Digit V (Right) Between upper and lower jaws
Sesamoid, Large (Right) Between upper and lower jaws
Sesamoid, Small (Right) Between upper and lower jaws
Phalanx 1, Pes, Digit III (Right) 1.50 N, 0.70 E ® 2.85 M Depth
Sesamoid? 0.70 N, 0.55 E ® 3.20 M Depth
Phalanx II, Pes, Digit II (Right)
Phalanx II, Pes, Digit IV (Right)
Terminal Phalanx, Digit II Between the upper and lower jaws upside 
down -  proximal North, small to East
Terminal Phalanx, Digit III Between the upper and lower jaws
Miscellaneous Fragments
Scapula Fragment (Right)
Fragments Associated with (Right) 
Scapula
Scapula Fragments (Left) Scapula Jacket
Scapula Fragments (Left)
Scapula Fragments (Left) Level 3.0 M -  3.5 M Depth
Scapula Fragments (Left) Level + 3.0 M Depth
Scapula Fragments (Left) Skull Level
Scapula Fragments (Left) Level 3.0 M Depth -  Around sloth
Scapula Fragments (Left) Skull Level
Tibia Fragments -  Proximal (Right)
Tibia Fragments -  Proximal (Right)
Tibia Fragments -  Proximal (Right)
Tibia Fragments -  Proximal (Right) From Left Ulna/ Tibia Cast
Tibia Fragments -  Distal (Left)
Ilium Fragments (Right) Pelvis Cast
Ilium Fragments (Left)
Pelvis Fragments
Pelvis? Fragments
Pelvis-Pubis Fragments
Pubis Fragments 1.90 N, 1.45 E@ 3.3 M Depth
Pubis Fragments 1.40N, 0.65 E ®  3.2 m Depth
Pubis Fragments Under sloth pelvis
Pubis Fragments
Limb Fragments Level 3.0 -  3.5 M Depth
Limb Fragments 2.80 N, 0.90 E® 2.45 M Depth
Miscellaneous Fragments Level 3.0 -  3.5 M Sloth Depth
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Miscellaneous Fragments From Spoils
Miscellaneous Fragments From Sloth Skull Cast
Miscellaneous Fragments Found on Dump
Miscellaneous Fragments Level 3.0 -  3.5 M Depth
Miscellaneous Fragments Level + 3.0 M Depth
Miscellaneous Fragments 1.70 N, 1.30 E ®  3.2 M Depth
Miscellaneous Fragments From Cast
Miscellaneous Fragments
Miscellaneous Fragments 1.65 N, 0.60 E ®  3.0- 3.2 M Depth
Miscellaneous Fragments
Miscellaneous Fragments 3.0N, 0.08 W ® 3.0 M Depth
Miscellaneous Fragments Level 3.5 -  4.0 M Depth
Miscellaneous Fragments Level 4.0 -  4.5 M Depth
Miscellaneous Fragments Level 3.5 -  4.0 Fm 10 lbs., 1/8 Mesh
Miscellaneous Fragments Level 3.7 -  4.0 M Depth
Miscellaneous Fragments (Right) Front Limb Cast
Miscellaneous Fragments Level 3.5 -  4.0 M Depth
Miscellaneous Fragments Level 3.7 -  4.0 M Depth
Miscellaneous Fragments Level + 3.0 with Sloth
Miscellaneous Fragments Level 3.5 -  3.7 M Depth
Reynolds (1995)
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REGRESSION ANALYSIS DATA -  HUMERI
Humeri La Brea La Brea Aden Crater Aden Crater Devil Peak Devil Peak
(mm) R1 R2 R1 Li Sioth R1 Sloth LI
GL 418 404 373 369 361 360
GLC 432 383 385 377 383
Bp 106 54.6 95.3 97.7 99.8 97.8
Dp 82.8 55.7 72.4 72.8 73.8 74.2
SD 49.3 57.3 41.8 41.6 49.5 46.2
BD 162 191 132 140 159 160
BT 95.6 111 83.4 81.4 84.8 89.4
La Brea Aden
Crater
La Brea R1 418 YalPbd R1 373
La Brea R1 432 YalPbd R1 383
La Brea R1 106 YalPbd R1 95.3
La Brea R1 82.8 YalPbd R1 72.4
La Brea R1 49.3 YalPbd R1 41.8
La Brea R1 162 YalPbd R1 132
La Brea R1 95.6 YalPbd R1 83.4
La Brea R2 404 YalPbd LI 369
La Brea R2 YalPbd LI 385
La Brea R2 YalPbd LI 97.7
La Brea R2 YalPbd LI 72.8
La Brea R2 57.3 YalPbd LI 41.6
La Brea R2 191 YalPbd LI 140
La Brea R2 111 YalPbd LI 81.4
49.3 41.6
432 385
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
2.26402
7.86656
0.99678
11
9
X Coefficient(s) 
Std Err of Coef.
0.87036
0.01646
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REGRESSION ANALYSIS DATA -  HUMERI (Continued)
Humeri La Brea La Brea Aden Crater Aden Crater Devil Peak Devil Peak
(mm) R1 R2 R1 LI Sloth R1 Sloth Li
GL 418 404 373 369 361 360
GLC 432 383 385 377 383
Bp 106 54.6 95.3 97.7 99.8 97.8
Dp 82.8 55.7 72.4 72.8 73.8 74.2
SD 49.3 57.3 41.8 41.6 49.5 46.2
BD 162 191 132 140 159 160
BT 95.6 111 83.4 81.4 84.8 89.4
Devil Peak La Brea Aden 
Crater
DvI Pk R1 361
DvI Pk R1 377
DvI Pk R1 99.8
DvI Pk R1 73.8
DvI Pk R1 49.5
DvI Pk R1 159
DvI Pk R1 84.8
DvI Pk LI 360
DvI Pk LI 383
DvI Pk LI 97.8
DvI Pk LI 74.2
DvI Pk LI 46.2
DvI Pk LI 160
DvI Pk LI 89.4
45.17
378.26
50.29
379.36
Regression Output
Constant 10.42176
Std Err of Y Est 8.97301
R Squared 0.99585
No. of Observations 14
Degrees of Freedom 12
X Coefficient(s) 0.95828
Std Err of Coef. 0.01784
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REGRESSION ANALYSIS DATA -  RADII
Radii La Brea La Brea Aden Aden Devil Peak
(mm) R1 LI Crater Crater Sloth LI
R1 LI
GL 397 338 339 338
Bp 48.8 41.8 38.6 45.7
BFp 36.8 41
SD 46.4 37.8 38.6 37.4 36.2
CD 124 106 100 103
Bd 77.3 60.3 61.5 61.4
BFd 54.8 53.8
La Brea RI
397
46,4
124
77.3
54.8
46.4
397
Devil Peak 
Sloth LI
338
45.7 
41
36.2
103
61.4
53.8
38.85587
337.4250
Regression Output
Constant 
Std Err of Y Est 
R Squared 
No. of
Observations 
Degrees of 
Freedom
-0.65813
5.35586
0.99862
5
X Coefficient(s) 
Std Err of Coef.
0.85159
0.01823
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REGRESSION ANALYSIS DATA -  RADII (Continued)
Radii La Brea La Brea Aden Aden Devil Peak
(mm) R1 LI Crater Crater Sloth LI
R1 LI
GL 397 338 339 338
Bp 48.8 41.8 38.6 45.7
BFp 36.8 41
SD 46.4 37.8 38.6 37.4 36.2
CD 124 106 100 103
Bd 77.3 60.3 61.5 61.4
BFd 54.8 53.8
Radii (mm) La Brea R1 1Devil
Peak
Sloth LI
GL 397 338 339
SD 46.4 36.2
CD 124 103
Bd 77.3 61.4
BFd 54.8 53.8
Bp 48.8 45.7
BFp 36.8 41
SD 37.8 36.2
CD 106 103
36.8 35.1376
397 337.70163
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
X Coefficient(s)
Std Err of Coef.
0.83998
0.01955
4.22603
6.32739
0.99621
9
7
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REGRESSION ANALYSIS DATA -  RADII (Continued)
Radii La Brea La Brea Aden Aden Devil Peak
(mm) R1 LI Crater Crater Sloth LI
R1 L1
GL 397 338 339 338
Bp 48.8 41.8 38.6 45.7
BFp 36.8 41
SD 46.4 37.8 38.6 37.4 36.2
CD 124 106 100 103
Bd 77.3 60.3 61.5 61.4
BFd 54.8 53.8
La Brea L1 Devil Peak 
Sloth L1
338
48.8 45.7
36.8 41
37.8 36.2
106 103
61.4
53.8
36.8 37.03011
106 102.50875
Regression Output
Constant 2.20909
Std Err of Y Est 3.63075
R Squared 0.99100
No. of Observations 4
Degrees of Freedom 2
X Coefficient(s) 0.94622
Std Err of Coef. 0.06374
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REGRESSION ANALYSIS DATA -  RADII (Continued)
Radii La Brea La Brea Aden Aden Devil Peak
(mm) R1 LI Crater Crater Sloth LI
R1 LI
GL 397 338 339 338
Bp 48.8 41.8 38.6 45.7
BFp 36.8 41
SD 46.4 37.8 38.6 37.4 36.2
CD 124 106 100 103
Bd 77.3 60.3 61.5 61.4
BFd 54.8 53.8
Aden Crater Aden Crater
R1 LI
338 339
41.8 38.6
38.6 37.4
60.3 61.5
339 338
38.6 45.7
37.4 36.2
61.5 61.4
37.4 37.85000
339 338.99023
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
0.50701
3.31250
0.99948
8
6
X Coefficient(s) 
Std Err of Coef.
0.99847
0.00923
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REGRESSION ANALYSIS DATA -  RADII (Continued)
Radii La Brea La Brea Aden Aden Devil Peak
(mm) R1 LI Crater Crater Sloth LI
R1 LI
GL 397 338 339 338
Bp 48.8 41.8 38.6 45.7
BFp 36.8 41
SD 46.4 37.8 38.6 37.4 36.2
CD 124 106 100 103
Bd 77.3 60.3 61.5 61.4
BFd 54.8 53.8
Aden Crater Devil Peak 
R1 Sloth L1
338 338
41.8 45.7
41
38.6 36.2
103
60.3 61.4
53.8
38.6
338
39.4715
338.0533
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations 
Degrees of Freedom
X Coefficient(s)
Std Err of Coef.
0.97707
3.16332
0.99968
4
2
0.99726
0.01252
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REGRESSION ANALYSIS DATA -  RADII (Continued)
Radii La Brea La Brea Aden Aden Devil Peak
(mm) R1 LI Crater Crater Sloth L1
R1 LI
GL 397 338 339 338
Bp 48.8 41.8 38.6 45.7
BFp 36.8 41
SD 46.4 37.8 38.6 37.4 36.2
CD 124 106 100 103
Bd 77.3 60.3 61.5 61.4
BFd 54.8 53.8
Aden Crater Devil Peak
LI Sloth LI
339 338
38.6 45.7
41
37.4 36.2
100 103
61.5 61.4
53.8
37.4 39.81567
339 338.102826
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
2.82648
3.73429
0.99934
5
3
X Coefficient(s) 
Std Err of Coef.
0.98901
0.01463
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Ulnae La Brea La Brea La Brea La Brea La Brea Aden Aden Devil Devil
(mm) R1 LI L2 L3 L4 Crater Crater Peak Peak
R1 LI R1 LI
GL 451 445 379 377 383
LG 77.5 70.9 73.5 70.5 53.5 56.4 57.3 62.3 62.4
DPA 51.5 50.6 53.6 53.4 40.6 43.2 47.7 54.1 52.1
SDO 52.4 45.4 49.6 54.6 38.7 42.3 38.7 36.4 41.2
BPC 86.8 86.4 91.6 93.4 88.6 67.2 71.4 75.2 78.7
La Brea R1
Sample 
Museum 
(La Brea)
DvIPkRI
Devil
Peak
La Brea R1 77.5 DvIPkRI 62.3
La Brea R1 51.5 DvIPkRI 54.1
La Brea R1 52.4 DvIPkRI 36.4
La Brea R1 86.8 DvIPkRI 75.2
La Brea LI 451 DvIPkLI 380
La Brea LI 70.9 DvIPkLI 62.4
La Brea LI 50.6 DvIPkLI 52.1
La Brea LI 45.4 DvIPkLI 41.2
La Brea LI 86.4
45.4 
451
DvIPkLI 78.7
41.31255
379.79471
Regression Output
Constant 4.22603 3.42525
Std Err of Y Est 6.32739 6.10281
R Squared 0.99621 0.99722
No. of Observations 9 9
Degrees of Freedom 7 7
X Coefficient(s) 0.83998 0.83452
Std Err of Coef. 0.01955 0.01664
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Ulnae La Brea La Brea La Brea La Brea La Brea Aden Aden Devil Devil
(mm) R1 LI L2 L3 L4 Crater Crater Peak Peak
R1 LI R1 LI
GL 451 445 379 377 383
LO 77.5 70.9 73.5 70.5 53.5 56.4 57.3 62.3 62.4
DPA 51.5 50.6 53.6 53.4 40.6 43.2 47.7 54.1 52.1
SDO 52.4 45.4 49.6 54.6 38.7 42.3 38.7 36.4 41.2
BPC 86.8 86.4 91.6 93.4 88.6 67.2 71.4 75.2 78.7
Sample
Museum
(Aden
Crater)
Devil
Peak
379 DvIPkRI
56.4 DvIPkRI 62.3
43.2 DvIPkRI 54.1
42.3 DvIPkRI 36.4
67.2 DvIPkRI 75.2
377 DvIPkLI 380
57.3 DvIPkLI 62.4
47.7 DvIPkLI 52.1
38.7 DvIPkLI 41.2
71.4 DvIPkLI 78.7
38.7
379
43.4511
382.5786
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
X Coefficient(s)
Std Err of Coef.
4.88452
5.02303
0.99811
9
7
0.99655
0.01635
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REGRESSION ANALYSIS DATA -  FEMORA
Femora La Brea Aden Aden Devil Peak Devil Peak
(mm) LI Crater R1 Crater LI R1 LI
GL 398 343 333 338 348
GLC 384 362 359 357 359
Bp 179 132 129 153 154
BTr 146 113 115 134 138
DC 90.6 72.4 71.6 79.3 78.6
SD 112 85.1 87.6 125 131
CD 268 202 208 292 297
Bd 195 172 171 168 176
La Brea LI Devil Peak
Sloth L1
398 348
384 359
179 154
146 138
90.6 78.6
112 131
268 297
195 176
90.6 92.54708
398 368.67997
Regression Output
Constant 11.16244
Std Err of Y Est 24.08927
R Squared 0.95743
No. of Observations 8
Degrees of Freedom 6
X Coefficient(s) 0.89828
Std Err of Coef. 0.07732
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REGRESSION ANALYSIS DATA - FEMORA (Continued)
Femora La Brea Aden Aden Devil Peak Devil Peak
(mm) LI Crater R1 Crater Li R1 LI
GL 398 343 333 338 348
GLC 384 362 359 357 359
Bp 179 132 129 153 154
BTr 146 113 115 134 138
DC 90.6 72.4 71.6 79.3 78.6
SD 112 85.1 87.6 125 131
CD 268 202 208 292 297
Bd 195 172 171 168 176
YaiPbdyRI
Aden Crater 
343 DvIPk R1
Devil Peak 
Sloth 
338
YalPbdyRI 362 DvIPk R1 357
YaiPbdyRI 132 DvIPk R1 153
YalPbdyRI 113 DvIPk R1 134
YaiPbdyRI 72.4 DvIPk R1 79.3
YalPbdyRI 85.1 DvIPk R1 125
YalPbdyRI 202 DvIPk R1 292
YalPbdyRI 172 DvIPk R1 168
YalPbdyLl 333 DvIPk LI 348
YalPbdyLl 359 DvIPk LI 359
YalPbdyLl 129 DvIPk LI 154
YalPbdyLl 115 DvIPk LI 138
YalPbdyLl 71.6 DvIPk LI 78.6
YalPbdyLl 87.6 DvIPk LI 131
YalPbdyLl 208 DvIPk LI 297
YalPbdyLl 171 DvIPk LI 176
Regression
71.6
362
Output
102.29563
373.61530
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
X Coefficient(s)
Std Err of Coef.
35.40001
29.94043
0.92231
16
14
0.93429
0.07246
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REGRESSION ANALYSIS DATA -  PELVES
Pelves La Brea La Brea Aden Devil Peak
(mm) 1 2 Crater Sioth
GL 469 473 418 448
LA 95.3 104.6 84.2 96.9
LAR 83.5 96.6 77.6 88.6
SH 25.4 24.3 15.8 19.5
SB 17.5 25.1 13.6 24.4
SC 587 598 403 544
LFo 84.4 94.5 85.6 94.8
GBTc 347 346 272 326
GBA 416 442 293 363
GBTi 844 647
SBI 488
17.5
587
483 404 444
24.31910
539.60645
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
8.48499
11.42830
0.99709
10
8
X Coefficient(s) 
Std Err of Coef.
0.90480
0.01727
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REGRESSION ANALYSIS DATA -  PELVES (CONTINUED)
Pelves La Brea La Brea Aden Devil Peak
(mm) 1 2 Crater Sloth
GL 469 473 418 448
LA 95.3 104.6 84.2 96.9
LAR 83.5 96.6 77.6 88.6
SH 25.4 24.3 15.8 19.5
SB 17.5 25.1 13.6 24.4
SC 587 598 403 544
LFo 84.4 94.5 85.6 94.8
GBTc 347 346 272 326
GBA 416 442 293 363
GBTi 844 647
SBI 488
17.5
587
483 404 444
24.31910
539.60645
La Brea 2 Devil Peak 
Sloth
473
104.6
96.6
24.3
25.1
598
94.5
346
442
448
96.9
88.6
19.5
24.4
544
94.8
326
363
24.3
598
483 444
24.24941
542.22624
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
D egrees o f F reedom
X Coefficient(s)
Std Err of Coef.
2.30965
16.03672
0.99427
10
8
0.90287
0.02422
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REGRESSION ANALYSIS DATA -  PELVES (CONTINUED)
Pelves
(mm)
GL
La Brea 
1
469
La Brea 
2
473
Aden Devil Peak 
Crater Sloth
418 448
LA 95.3 104.6 84.2 96.9
LAR 83.5 96.6 77.6 88.6
SH 25.4 24.3 15.8 19.5
SB 17.5 25.1 13.6 24.4
SC 587 598 403 544
LFo 84.4 94.5 85.6 94.8
GBTc 347 346 272 326
GBA 416 442 293 363
GBTi 844 647
SBI 488
17.5
587
483 404 444
Aden Crater Devil Peak 
Sloth
418 448
84.2 96.9
77.6 88.6
15.8 19.5
13.6 24.4
403 544
85.6 94.8
272 326
293 363
404 444
13.6 17.92037
418 493.36396
24.31910
539.60645
Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
X Coefficient(s)
Std Err of Coef.
1.93117
32.08522
0.97706
10
8
1.17567
0.06367
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mEUMVERSRYOF
A rizona .
TUCSON A hko na
NSSi.Arta)i«<U«BnK*r
1118 E 4th Si.
Tucwo, Arizom 83711-0081 
TdqdKme: (320) 811-8*10 
FWWIc (320) 811-881* 
AMSCpkyilcs«tiiaiu,nl«
3 January 2003
J e ff G rom ny 
9320 Jadevtest D rive  
Las Vegas, N V  89134
Dear D r. G tom ny,
I  report below tw o results from  your samples. The dates are rqported in  n d io ca rix» i years before 
present (BP), w ith  lo  uncertainties. B oth  o f the dates have been "C-concected, w ith  the measuted 
8 %  values reported in  the table.
sample AA# S«C (%.) “C age BP
2.5 - 3.0 avian eggshell AA51428 -8.1 30,630±420
3 .5 -3 .7  avian eggshell AA51429 -7.5 33,170±520
Best regards.
TKesaacdhScieDtist
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